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OPTICAL TRANSMITTER POWER 
SETTING USING FEEDBACK 



FIELD OF THE INVENTION 

The present invention generally relates to improving reliability in optical transmission 
systems and more particularly to automatically setting output signal power levels in an optical 
conomunications arrangement. 

BACKGROUND 

The speed and bandwidth of data transmission over fiber optic cable renders optical 
fiber communication particularly advantageous for various applications. Optical fiber 
transmissions typically include an optical transmitter at one end and an optical receiver at the 
other end. The distance between these devices is limited by the power of the optical 
transmitters, degradation of the laser diodes, signal loss and dispersion in the optical fiber, and 
the sensitivity of the optical receiver. Depending on the distance between the desired end 
points of the optical fiber transmission system, optoelectronic repeaters are usually mcluded 
for boosting the signal before arriving at the desired end point. 

In some systems, communications can be disrupted when the power level used to 
transmit data is either too high (signal overdriven) for the short distance to the receiver or is 
too low (signal underdriven) for the extended distmice to the receiver. To protect against 
disruptions in communication, power level monitoring is implemented at the optical 
transmitter. However, the power level corrections that are made at the optical transmitter are 
through trial and error because the effect at the optical receiver is not known until after a 
power level is set. This approach also has the drawback of losing data during active 
communication. Signal degradation can also occur due to aged laser diodes and adverse 
changes in ambient temperatures. 

Another approach for adjusting the output signal power level is monitoring the power 
level of the signal at the receiver, which is sometimes referred to as "weak link detection." 
Drawbacks to this approach include the need for complex and cumbersome diagnostic 
equipment, diagnostic optics, diagnostic data, and/or diagnostic software to regularly monitor 
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communications between the transmitter and the receiver and/or the need to monitor the 
receive power level. 

A method and a system that addresses the aforementioned problems, as well as other 
related problems, are therefore desirable. 

5 

SUMMARY OF THE BNTVENTION 

In various embodiments, the invention provides a method and system for 
automatically setting output power levels of optical transmitters in an optical communications 
arrangement. The optical communications arrangement includes at least a first and a second 

10 node, wherein the transmitter of the first node is optically coupled to a receiver in the second 
node, and the transmitter in the second node is optically coupled to a receiver in the first node. 
Respective sequences of power- level messages are transmitted fi-om the transmitters to the 
receivers. Each power-level message indicates an output power level used by the transmitter 
to transmit the message, and each power-level message in a sequence is transmitted at an 

15 increasing power level. The power levels at which the power-level messages are received by 
the receivers are detected, and when a receiver receives a power-level message at a power 
level that satisfies a selected power level, the output power level of the coupled transmitter is 
automatically set to the output power level indicated in the power-level message. 

It will be appreciated that various other embodiments are set forth in the Detailed 

20 Description and Claims that follow, 

BRIEF DESCRiroON OF THE DRAWINGS 

Various aspects and advantages of the invention will become apparent upon review of 
the following detailed description and upon reference to the drawings in which: 
25 FIG. 1 is a block diagram of an optical communications arrangement having a power 

level matching feature made in accordance with an example embodiment of the invention; 

FIGs. 2A-2C illustrate a process flow for estabUshing the power level of optical 
communication on the respective fiber optic lines in accordance with an example embodiment 
of the invention; 

30 FIG. 3 A is a flowchart of a process for adjusting a power level of an optical 

transmitter upon receiving feedback fi-om an optical receiver; and 
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FIG. 3B is a flowchart of a process for sending feedback fiom an optical receiver to 
adjust a power level of an optical faransmitter. 



DETAILED DESCRIPTION 

5 The present invention is generally directed to a method of establishing a power level 

for optical communications between two nodes, each node including an optical transmitter 
and an optical receiver for transmitting and receiving optical signals over two single-core 
Optical fibers. While the present invention is not necessarily limited to such an application, 
the invention will be better appreciated through a description of example embodiments in 

10 such a specific context. 

In one example embodiment, an optical conrniunication system that is configured to 
communicate in a fiiU duplex mode over two unidirectional fiber optic lines incorporates a 
feedback mechanism that facilitates power level matching between each transmitter and 
receiver pair in each of two nodes of the optical communication system. At start up, the two 

15 fiber optic lines are tuned by incrementally increasing the power level fi^om the respective 
optical transmitters and sending successive power-level messages to the respective receivers 
until the receivers detect a message. Upon detecting a message on the first fiber-optic line, a 
feedback message is sent via the second fiber optic line to the first node to indicate that the 
first transmitter should set the power level as specified by the receiver. The second 

20 transmitter-receiver pair fiinctions similarly. 

Referring now to the figures, FIG. 1 is a block diagram of an optical communications 
arrangement 100 having a power level matching feature made in accordance with an example 
embodiment of the present invention. Nodes A and B communicate bi-directionally via two 
unidirectional fiber optic links 111 and 137. Arrangement 100 includes an interface unit 102 

25 at node A, which is coupled to control unit 104 and to both a transmitter section 105 and a 
receiver section 120. Node B includes interface unit 122, which is coupled to control unit 124 
and to both a transmitter section 125 and a receiver section 140. 

When arrangement 100 is first powered-up, transmitter section 105 at node A sends a 
sequence of messages, with each successive message ("power-level message") being 

30 transmitted at a power level that is greater than the previous message. Each message indicates 
the power level applied in transmitting the message. Receiver section 125 receives the 
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sequence of power-level messages and determines the power level at which each message is 
received ("received-power level"). When the received-power level is acceptable to receiver 
section 125, for example, as compared to a selected power level, the power level indicated in 
the message, which is identified as Psri (power- specified-received level), is communicated 
5 back to the transmitter section 105. 

While transmitter section 105 is transmitting power-level messages to receiver section 
125, transmitter section 140 transmits a sequence of power-level messages to receiver section 
120. When the power level of a received message is acceptable to receiver section 120, the 
power level indicated in the message, which is identified as Psr2j is communicated back to 
10 transmitter section 140. When transmitter section 105 and receiver section 125 have 
identified an acceptable power level, and transmitter section 140 and receiver section 120 
have identified an acceptable power level, normal application-defined communications can 
commence. 

In the power-setting phase of operation, interface unit 102 provides a message to an 
15 encoder 106. A laser power level that is associated with the message is used to control the 

driver 108 via the control unit 104. Optical driver 108 receives the encoded signal fi-om 

encoder 1 06 and drives a laser diode 11 0 to send the message via fiber optic line 111. 

Photodiode 126 in receiver section 125 receives the optical signal, which is provided to 

optical receiver 128. The optical receiver converts the message to an electrical signal for 
20 decoding by decoder 130. Interface unit 122 receives the message fi-om the decoder, the 

message indicating to the control unit 124 the optical power at the receiver . The operation of 

the components in transmitter section 140 and receiver section 120 are similar. 

It will be appreciated that the optical messaging between nodes A and B for matching 

the power levels transpires on the same fiber optic lines (e.g., lines 111 and 137) that are later 
25 used for normal optical communications between the nodes. Additional fiber optic lines are 

unnecessary to incorporate the power-matching feature of the present invention. 

In the example embodiments described above, optical drivers 108 and 134 are 

implemented with laser diode drivers such as those available from AMCC of San Diego, OA. 

For example, the driver is a CMOS 2.5 Gbps quad 850nm vertical cavity surface emitting 
30 laser (VCSEL) driver. The driver is configurable to increase or decrease the power output of 

laser diodes 1 10 and 136 by adjusting the values of internal registers of the driver circuit for 
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the bias current and modulation current. The power output levels are checked many times per 
second to respond to changes in ambient temperature. The values of the internal registers of 
the bias and modulation current are then modified to compensate for changes in ambient 
temperature. 

5 FIGs. 2A, 2B and 2C illustrate a process flow for establishing the power level for 

transmitting optical signals between two nodes in accordance with an example embodiment of 
the present invention. In FIG. 2A, MSGp refers to a sequence of power-level messages from a 
transmitter section to a receiver section. Each message in a sequence is transmitted at a power 
level that is greater than the power level at which the previous message in the sequence was 

10 transmitted. Furthermore, each power-level message includes information that indicates the 
power-level at which the message was transmitted. Power level Pqti is contained in messages 
MSGp that are communicated from transmitter section 105 to receiver section 125 via fiber 
optic line 111. Similarly, power level Pot2 is contained in messages MSGp that are 
communicated from transmitter section 140 to receiver section 120 via fiber optic line 137. 

15 In FIG. 2B, receiver sections 120 and 125 determine the power levels at which the 

messages in the sequences are received. When receiver section 125 receives a message that 
meets a selected optimum power level, the power level indicated in the message, Psri is saved 
for communicating back to set the output power level of transmitter section 105. Similarly, 
receiver section 120 stores power level value Psr2 when it receives a message at a suitable 

20 power level. Until both unidirectional links are established, tibe Psri and Psr2 values cannot 
be communicated back to the respective transmitter sections. The power levels at which the 
transmitter sections operates may be different due to, for example, ambient temperatures at 
the receiver or transmitter, age and condition of the equipment and fiber optic cables, and 
sensitivity of the receivers. 

25 In FIG. 2C, once both unidirectional links have saved Psri and Psr2 values, the ou^ut 

power levels Pqi at transmitters 105 and 140 are set to the power levels identified by receiver 
sections 125 and 120, respectively. Transmitter section 140 takes the power value Psri as 
saved by receiver section 125 and transmits the power value Psri in a message via fiber optic 
line 137. The message contains data that indicate to receiver section 120 that the power value 

30 in the message is to be used to set the output power level of transmitter section 105. In 

response to the message, transmitter section 105 sets the power output Pqti to the power level 
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PsRi. Receiver section 125 receives from transmitter section 105 a similar message indicating 
power level Psr2, and transmitter section 140 sets its output power level Pot2 to Psr2- 

After setting the power levels of the transmitters, the transmitters transmit 
initialization messages, designated as MSGit, to receivers 125 and 120, respectively. The 

5 initialization messages indicate whether initialization is complete. Once both nodes have 
completed initialization, the nodes can commence apphcation-defined communications. 

Referring briefly to FIG. 1, power values Psri and Psr2 are stored in internal registers 
of optical receivers 128 and 1 14, respectively. Once initialization is complete the receiver- 
selected transmit power levels are transferred to the internal control registers in the respective 

10 optical drivers 108, 134. The output drivers in turn control output power of laser diodes 1 10 
and 136 using the values in the intemal registers. In another embodiment, arrangement 100 
also includes monitoring circuits, within interface units 102 and 122, that monitor the power 
levels of signals received at receiver sections 120 and 125 during normal optical 
communications between nodes A and B. The monitoring circuits are coupled to receiver 

15 circuits 1 14 and 128 and to drivers 108 and 134 via control units 104 and 124. The 

monitoring circuit detects whether the power levels of messages received at the respective 
receivers have dropped below power values Psri and Psr2. If the power levels drop on one or 
both of Hues 1 1 1 and 137, the monitoring circuit adjusts the bias and current modulation of 
drivers 108 and 134 to boost the power output by laser diodes 110 and 136. 

20 FIG. 3A is a flowchart of an example transmit process 300 performed by an optical 

signal transmitter in setting an output power level of the transmitter, for example in node A. 
Process 300 applies to the example embodiments of the optical communication arrangements 
described in FIGs. 1 and 2A-2C. At step 302, an optical trsmsmitter sets the output power 
level Pot to a minimum level Pmin • At step 304, the transmitter sends a power-level message, 

25 MSGp, to the receiver. The message indicates the output power level of the transmitter. 
Initially, the power level is Pmin- At step 306, the transmitter process checks whether the 
local receiver section has completed initiaHzation with the remote transmitter. For FIGs. 3A 
and 3B, "local" and "remote" are relative to the node in which the transmitter or receiver 
process is being performed. If the local receiver initialization is complete, the process is 

30 directed to step 308 where the transmitter transmits to the receiver a power-specified-receive 
value, Psri, in an initialization-complete message, MSGit. Recall that the Psr value is sent in 
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an MSGiT message when a receiver has determined an output power level at which the 
corresponding transmitter is to operate. 

Decision step 306 causes the transmitter process to skip step 308 and continue at step 
310 until the local receiver indicates that receiver initialization is complete. Decision step 310 
5 determines whether the initialization of the local transmitter is complete. It will be seen in the 
discussion of FIG. 3B that the local receiver process determines when the local transmitter 
initialization is complete. Decision step 310 directs the transmitter process to step 312 until 
transmitter initialization is complete. At step 312, the output power level (Poti) of the local 
transmitter is increased by a selected quantity. In one embodiment, the output power level is 

10 increased in fixed increments, hi other embodiments, other suitable fimctions of the current 
output power level may be used to select a new output power level. At decision step 313, the 
process checks whether the output power level has reached a selected maximum level, Pmax- 
If the output power level has reached the maximum level, the process is returned to step 302 
to reset the output power level to the minimum power level. Otherwise, the process returns to 

15 step 304 where another power-level message (MSGp) is sent at the new output power level. 

Once the local receiver indicates to the local transmitter that transmitter initialization 
is complete, decision step 310 directs the transmitter process to step 314. At step 314 the 
output power level of the transmitter (Pqti) is set to the power level Psri, which is the Psri 
value as determined by the remote receiver and communicated to the local receiver. 

20 The transmitter process then loops at decision step 316 until the local receiver 

initialization is complete. That is, the transmitter process waits imtil the local receiver 
identifies a suitable output power level for the remote transmitter. When the local receiver 
has completed initialization (i.e., identified a suitable output power level for the remote 
transmitter), decision step 316 directs the process to step 318 where the initialization- 

25 complete message with the Psri value is sent to the remote receiver to complete the 
transmitter initialization process. 

FIG. 3B is a flowchart of an example receiver process 350 for setting the output power 
level of a transmitter, for example in node A of FIG. 1 . At step 352, the receiver is initialized 
and at step 354 the optical link with the remote transmitter is verified. If the link is not 

30 established then step 352 is repeated because until a link is estabhshed the receiver is unable 
to receive messages. Otherwise, at step 356 ttie receiver process waits for receipt of a 
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message. Once a message is received, decision step 358 determines liie type of message 
received. If the received message is a power-level message (MSGp that carries a Pqt value), 
the process is directed to decision step 362. At step 362 the power level at which tiie message 
was received ("receiver power level", Pr) is read, for example, from an internal register of the 
5 receiver circuit 114. 

The receiver power level in combination with a specified power level, Ps, are used to 
determine when the remote transmitter is transmitting at a desired output power level. In one 
embodiment, the specified power level is selected by the user. In another embodiment, the 
selected power level is automatically set a certain level above the level at which the first 

10 message was received. Decision step 368 returns the process to decision step 356 to wait for 
the next message if the receiver power level is not equal to the specified power level. Once 
the receiver power level reaches the specified power level, the process is directed to step 370. 

At step 370, the output power level (Pqt) specified in the power-level message is 
saved as the power-specified-received value (Psri). The power-specified-received value 

15 specifies the desired the output power level setting for the remote transmitter. At step 372, 
the receiver sets a flag indicating that receiver initialization is complete. If the transmit 
initiahzation is also complete, then the receiver initiahzation process is complete. Otherwise, 
the process returns to decision step 356. 

When decision step 358 finds an initialization complete message, the process is 

20 directed to step 376 where the power-specified-transmit level, Psri, from the MSGn message 
is saved. At step 378, the transmitter initialization complete flag is set. Decision step 380 
tests whether receiver initialization is complete. When both transmitter initialization and 
receiver initialization are complete, the receiver initiahzation process is finished. Otherwise, 
the process returns to decision step 356. 

25 The present invention provides m advaatage of improving rehabiUty of optical 

communication systems because the power level of the optical sources need not be overdriven 
to ensure uninterrupted communications. The present invention also provides the advantage 
of compensating for transmission power losses due to interconnect loss variations. With the 
present invention, the power level of the transmitter is selected to optimize the optical link 

30 with the receiver based on bandwidth, BER, or on reUabiUty characteristics due to the power 
level detected at the receiver. 
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The above embodiments can be implemented by modifying commercially available 

laser diode drivers to operate consistent with the above-described operation. The present 
invention is believed to be applicable to a variety of applications involving optical fiber 
connection assemblies. Other aspects and embodiments of the present invention beyond those 
specifically described herein will be apparent to those skilled in the art from consideration of 
the specification and practice of the invention disclosed herein. It is intended that the 
specification and illustrated embodiments be considered as examples only, with a true scope 
and spirit of the invention being indicated by the following claims. 
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